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(57) Abstract 

Novel chimeric constructions are provided for expression of chimeric genes having an N-terminus transit peptide 
for efficient translocation from the cytoplasm to the chloroplast and a foreign gerie capable of functioning in association" 
with the chloroplast. Particularly, the transit peptide from the small subunit of ribulose-l,5-bisphosphate carboxylase is 
joined to an aroA gene expressing an inhibitor resistant enzyme with retention of the processing signal to provide the ma- 
ture aroA expression product in the chloroplast. 
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INTRACELLULAR DIRECTED DELIVERY 
OF EXPRESSION PRODUCTS 

CROSS -REFERENCE TO RELATED APPLICATIONS ^ 
Tnis application i3 a continuation-in-part of 
Application Serial Mo. 912.U08, filed September 26, 
1 986. 

INTRODUCTION 

Technical Field 

This invention relates to techniques for 
directing the transport of prote inaceous gene products 
to particular organelles of a cell in which the product 
is being produced. 

Background 

Plant cells contain distinct subcellular com- 
partments delimited by membranes. In photos ynthetic 
leaf plants, the most conspicuous organelles are the 
chloroplasts . The chloroplast present in leaf cells is 
one developmental stage of this organelle. Proplas- 
tids, etioplasts, amyloplasts, and chromoplasts are 
different stages- The embodiments of this invention 
apply to the organelle "at large," which will be 
referred to as "chloroplast. 1 ' The majority of chloro- 
plast proteins., are ^c.o.ded . by, nuclear genes synthesized 
in the cytoplasm and then imported into the chloro- 
plasts.. Import is associated ,with the rempyal of, an 
amino terminal portion, the transit peptide. The 
transit - peptide is linked to the mature peptide by .an' 
amino acid sequence , normally requiring at least two ; : 
amino acids; which is recognized by a specific protease 
associated with the chloroplast Thus , the proform of / 
the mature peptide is translocated to the chloropl/ast . 
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arid processed as a result of recogni tion ' ty' one or more 
pro tains . 

For many" purposes in the manipulation and 
transformation of plant cells * to provide particular 
functions in the plant' cell, it will be desirable that 
the g«erie f which (3 introduced" into the plant cell 
results' in ' a 'product which is translocated to the 
chloroplast and furictidrls in ' the chloroplas t . It is 
therefore desirable to be able to devise dhimeric con- 
Structioris which provide for efficient expression in a 
plant hos't, resulting in ; the enhanced production of a 
particular product or the product ion ; of a novel product 
which is translocated to and functions in the chloro- 
plas ts of- it he plant host. / 

Relevant Literature ■ 

- Van den : Broeck et al . , : Nature ( 1 985) '31 3 : 
358-363 describes the use of the transit peptide of the 
pea -small subunit ribulose-t , 5-bisphosphate carboxylase 
joined to the NPT-II gene to provide a chimeric gene 
which is shown* to be capable of translocation in a 
plant host. Lubben and Keegstra, Proc. Natl. Acad. 
Set. USA (1986) _83.:'5502-5506 "report the use of the 
soybean* SSU transit peptide plus 13 amino acids of the 
pea SSU mature protein •plus a ; heat shock protein for 
translocation to chloroplasts'; See also the references 
cited therein' as well 1 as Caahmofe et al . , 'Biotechnology 
( T985) 803^808, and Karfiii-Heumann et_ ai_. , EMBO J, 
( 1 986) Vol 5, No . 1 , "pp 9-13.- The mutated 'aroA gene 
is described in lif;S. Patent No. ' U, 535,060 arid in '-'Comal 
gg^^^ ^^enoe , ~ (T9^30" 7 " T ^"T yrO-; each o^whicHTTs^ " 
incorporated herein' by reference. See also EPA 
218, 57TY 

T 

W * ■ * ^ f 

SUMMARY OF THE INVENTION ' 
DMA constructs aad the resulting proteinaceous 
products expressed froa such constructs are provided 
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resulting in. the t ranslocat ion of pro teins . expressed in 
the cytoplasm into chioropla3 ts . The constructs 
involve sequences, encoding a transit peptide recognised 
by the host olant cell for transporting. a cytoplasmic 
expressed protein to the. chlorqplas t , . a short , polar ..or 
hydrpphili c region having t at .least two positively 
charged amino acids , ..and ..a ; protein, of , interest which is 
fused to the short polar region. The polar; region may 
be. naturally occurring or syntheti c , . and s.e ryes , to pro- 
vide for efficient, transport, from , ; ,the. cytoplasm , : ,t,o the 
chloroplast, usually with, efficient processing and 
removal of j:he transit - peptide . ,, ; ( ., 

DESCRIPTION OF THE SPECIFIC EMBODIMENTS 

15 Methods and compositions are provided for - 

introducing genes, heterologous .pr : - homologous , into a:- ; - 
plant cell whereby the gene is expressed and the 
resulting polypept ide product transported f r^om .;ttie 
cytoplasm to t,he chloroplas The gene constructs ■* 

20 Involve in the f direction of transcription p? . the sense 
or positive polarity strand, a^t ransc,ri.ption&;L ; , . ; 
initiation region recognized by the plant, host, r a 
translated region, .comprising the gene -of t interest , and 
a transcriptional, termination region recognizee t by the 

25 plant host c^ll. .The translated region, comprises a 

. ^ transit peptide recognized by the hos t f } op -transporting 
a polypeptide from the cytoplasm into the chloroplas t , 
usually a processing sig;nal which may be the same or 
different, from the processing signal naturally t 

30 .associated with the traasit -peptide for cleaving the. 
transit peptide upon v transport - into tpjie chloroplas t ,~ a 
sequence encoding a polar t amino acid region having at 
least two amino acids having positive charges, and the 
gene of interest, where the transit peptide, processing 

35 sequence, polar region sequence, and gene of interest 
are all in proper reading frame v 
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A significant number of biological processes 
"are involved in the chloroplas t . Therefore, there is 
/ substantial interest in having a wide variety of pro- 

teins introduced into the chloropiast, where the pro- 
5 teins may ' resul t in 'modif ication of a biologicarl pro- 
cess, imparting new capabilities to the chloropiast, or 
protecting a biological process from interference. 

Since' the chloropiast is the site for produc- 
tion of fatty acids, by introducing various proteins 
10 into the chloropiast, one. may enhance the production of 
fatty acids, modify the size distribution of fatty 
acids or modif y the unsaturated character of the fatty 
acids, both as to number and site. Various enzymes 
which may * be involved in such a function include acyl 
15 carrier protein (ACP) , acetyl-CoA AC? t rahsacylase , 

thioesterase , malonyl-CoA ACP ' transacylase , 8-ketoacyl 
AC?, synthetase, etc. 4 " 

Another biological process associated with the 
chloropiast is starch* synthesis : This process involves 

20 the enzymes starch phosphorylase i NDPG ' ' 

■ * , ' , ■ ■ ■ >. , ■ ^ 

trans glycosylase , the "D-enzyme 1 * (Peat ef al M Nature 
(1953) 72:158, the "Q-enzy'me" (Baum and Gilbert, Nature 
(1953) 1 72 :983) , ADP glucose pypophbsphorylase f etc. 

Other proteins which are produced in the cyto- 
25 plasm and translocated to the chloroolast include the 
small subunit of the r ibuiose- 1 , 5-bisphosphate carbox- 
ylase, chlorophyll A and B binding protein, ferredoxin, 
enzymes of the shikimic acid pathway, as well as other 
amino acid biosynthetic enzymes. 
.3° Of particular interest Is the biological 

_ _ . T- * — » : ^ : : ■ - ■ . -. ■ - r . . ■- * ^ -.■ t l : ^ : ■ ! -. r-. ! ■ _ ■ — = — = ^ ' ^-r- r — -. r-. ^ : r-^* ■ — ! : : ■ .- 



process for the synthesis of aromatic amino acids which 

t •* .. ..... 

includes in the pathway the enzyme 5-enolpyruvyl-3- 

phosphoshikimate synthetase. This enzyme is of par- 

... 

ticular interest because it is" the target for a 
35 corarapniy used herlDicide glyphosate . 
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.. Tlie expression product is a precursor or pro- 
form of the desired peptide, having a leader sequence 
recognized by the host for translocation from the cyto- 
plasm joined to the gene of intarest Say .a peptide 
5 sequence recognized as a . processing, -signal . The pro- 
form of the peptide produced in the cytoplasm is trans- 
located to the chloroplast, where it is processed by 
cleavage of a peptide.. The process ing signal DMA 
sequence encodes, an oligopeptide, recognized by a 
oeotidase. Upon transport through, the membrane of the 
chloroplast and entry in th§ chlproplast organelle, the 
expression product is cleaved by the peptidase to 
fulfill its intended function as a mature protein. 

Any gene of interest may be joined to a tran- 
3 it peptide encoding sequence and processing signal 
through a linking sequence encoding a polar region. 
Any of the genes encoding the proteins .indicated above 
may be employed. As indicated, these genes may be 
involved in modifying the . composition ; of a natural com- 

20 position, providing protection from stress, e.g., her- 
bicides., enhancing a particular function or the like. 

The aroA gene is involved in expressj.oq. of 
enzymes in the shikimic acid metabolic pathway , partic- 
ularly the enzyme that catalyzes the conversion of 

25 phosphoenolpyruvate and 5-phosphoshikimic acid to 

5-enolpyruvyl-3-phosphoshikimic acid. The enzyme is 
5-enolpyruvyi-3-phosphpshikimate synthetase 
(EC:2.5.1 .19); referred to' hereafter as ES-3-P synthe- 
tase. The natural gene product is useful in enhancing 

30 the production of shikimic acid in metabolic pathway 

products. Genes that express an enzyme which is resis- 
tant to glyphosate (N-phosophonqmethyl glycine), an 
important and commonly oised herbicide, are useful in 
imparting glyphosate resistance to a normally glyphos- 

35 ate-sensi tive cell in which 1 the structural gene is 

expressed. U.S. Patent No'. 4,535,060 describes such a 
nutated structural gene. 
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The .transit peptide, and processing signal may 
be derived from. any plant protein which is expressed in 
the cytoplasm and translocated to the . chloroplast . By 
com paring the messenger SNA for the particular polypep- 
tide ..with .the qiature r product , s the amino acid sequence 
absent , from.. the, ; tnature j protein and coded for by the 
messenger beginning at, the initiation codon, usually a 
me Wcnlne, wi^l norniallK.be the transit sequence. In 
many .situations, . it .may be desirable to employ one 
transit sequence as .distinguishe.d from another. Exem- 
plary of . transit .sequences is the- transit peptide of 
.t/ne small subun.it (SSU) of the ribulose- 1. , 5-bisphos- 
.phate carboxylase an.d.,that from acyl carrier , protein 
(ACP).. fragments from the natural transit sequence 
that, retain their. transport activity can .also be used. 
The .transit peptide is . a sequence capable of trans- 
locating a peptide Joined to the transit peptide to the 
chloroplast. and ma^,,be the,;vhole wild-type, transit pep- 
tide, a functional fragment therof , or a functional 
m . utant ^. thereof. The. full natural sequence is. .naturally 
included. For the most ,part , the transit peptides 
from one plant , are generally recognized by other 
plants. Thus, the transit . peptide .may be native to or 
heterologous, to the ultimate host in which ,the phimeric 
gene is introduced. Transit- peptides .may come from 
soybean , corn .petunias , ,t obaccp , brass i ca , tomato , 
wheat, pea, etc. .The, transit peptide, will usually 
have 3 at ,1 east about 20 ; amip.o acids and not more than 
about 100 amino acids. . .. 

The tran3lated. ; region win provide fop a 
chimeric, gene ha vJLng three Components : (t) the transit 
peptide, and nprmally the, process ing signal, which pro- 
vides f.or translocation of the, expression product from 
the cytoplasm to the chloroplast and processing for 
removal of the transit peptide; (2) a polar region . 
which a.ffects.,t,he efficiency of the translocation and 
stability .of, the,., gene, of interest;, and' (3). the,' gene of 
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interest "-wrKfch ■ provides 1 ' for : k functional protein pro- 
duct whicii will ' provide a change ; i n*Vna f uactioning of 
trie chloroplas t , -*' ' - v '* *' 1 1 v ' " f 

- The polar Region wliidtf will Separate th'e r 
5 transit peptide and processing -signal 'from - ihe g J ene of 
■interest will normally ; Irivblve ' at least' 6, usually 3,. 
■codons and not' "more than about 20 codoris, although 1 
there may be specific exceptions. The polar region may 
be the naturally^dccu^rirlj; region of the mature peptide 
10 naturally joined to t :, h& ^trains it peptide, may be a' - 
'regron- obtained fi*'od a different proteiri naturally 

associated With a transit peptide and providing the N- 

•* 

terminus of such riatfiire! protein; or may' be a synthetic 

• -i > 

sequence encoding an Unnatural polypeptide sequence. 

15 1 Besides the number 6f cbdons , the sequence . •■ ^ 

will be further characterized by being: hydrophili*c and 
desirably having at '"least about 40 number percent '/.'> > ^ 

preferably at least atfout * 50 number percent 'bJT the « % 
polar' aaiin<j aci da. " The; polar aniind acids' comprisW the ' 

20 charged and neutral a!mifto acids ; having a heteroatoni!. in ; ^ 

the chain. Th'ese amino I -a'cids include the charged amino ■ % 

acids', lysine 1 (K), arginihe (R) , as par tic acid (D ) , 
glutamic acid (E), and hist idine '(H) 'and the neutral ^ 

i 

polar ami no 1 a'c ids sieriAe (S), threonine (T) , asparagine \k 

25 (N) glutamine : (Q) . H Normally , the* sequence will 

incliide at' least two positively changed aminb acids, 
preferably at"* le ! ast ; thr'ee, and may include up to five 
positively ^charged :> amind acids , but usually not 1 more 
than 25 number percent, preferably not more thkn 20 

30 number 5 percent of the sequence will be positively 
charged amino acids '^ Charged amirio aci ds will' be' 
present in the range f rom:, 6 'to 15 amino acids and may 
also be present as the first amino acid after the 
processing signal . Also, with acp, the polar region 

35 may- f be f rom 1 2 to 30 amino acids of the N-terminus of 
the mature acp". To def-ihe hydro phi 11c regib'n, the 
nydrophilic or hydrophobic character' of a protein 
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region, may be determined as described by Kyte and 
Pool It tie-,. J, ffol. 3i'o. (1982) 1,57 : 1 05- 1 32 . This 
reference indicates the exposed nature of the region. 

As art iadividual exception the N-terminal 
region af the plant acyl carrier protein may be 

employed ^ with up' to and including 35 codons , orefer- 
ably not more than about 30 codons and may range from 
about 12 cadans to 30 codons* The oolar region will be 
designed ta usually be followed by a hydrophobic 
region, which win have at least about 50$ hydrophobic 
amino acids., preferably at least about 60? hydrophobic 
amino acids in' the amino acids immediately following 
the last positively charged amino acid. The particular 
hydrophobic amino acids' include glycine (G) , alanine 
'5 (A), 'proline (P), and more particularly leucine (L), 
isoleucine (i) , Valine (vj , and the aromatic amino 
acids phenylalanine CF) , tyrosine (Y) , and tryptophan 
(if). Desirably, the next five ( amino acids, more desir- 
ably the next ]t en amino acids following the last' posi- 
tively charged' amino acid of the polar region will be 
f>ree of. Positively charged amino acids. This hydro- 
phobic region can be achieved by employing the polar 
region, having naturally present the appropriate amino 
acids as" part oif the gene of interest, the wild-type 
sequence associated with the transit peptide, synthetic 
sequences or combinations thereof-. 

Desirably, one would have as few amino acids, 
as may be employed to obtain the desired eff iciencv of 
translocation. Since the final product will. be a" fused 
protein comprising the'polar region and gene of inter- 
est, the polar region may have an effect on the gene of 
interest, as to its stability, activity, location in 
the chloroplast or other characteristic. Therefore, 
for the most part, the polar region will be selected, 
so as to minimize the adverse 'effect on the role of the 
gene of interest in the chloroplast. 



35 
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Depending upon the nature of the polar region, 
'various s trategi as may be employed for synthesizing the 
chimeric gene. Where the naturally occur r ing M- 
terminal codons of the mature protein normally asso- 
ciated with the transit oeptide are emoloyed, the gene 
of interest will be joined to the polar region in the 
appropriate reading frame* -Where there is a convenient 
restriction site at the end of the polar region, the 
transit peptide containing gene may be cleaved at that 
site and manipulated for joining to the gene of 

* i ; ■ *-. , ■ 1 - ■ ...... 

interest. Alternatively, where there is no convenient 
restriction site, an alternative restriction site may 
be employed and an adapter used to restore the , lost 
codons. In some instances, resection may be employed 

1 5 with Bal31 to provide for a blunt terminus which may be 
joined to a blunt ended gene of interest. 

The particular manner in which the sequences . 
are joined" and ligated is not critical hp this inven- 
tion. where the polar region is not naturally Joined 

20 to the transit peptide, it may by synthesized or 

obtained from any convenient source arid be used as an 
adapter or bridge to link the transit peptide to the 
gene of interest. In'the absence of convenient 
restriction sites in the transit peptide and processing 

25 signal portion and/or the gene of interest, the pola,r 
region may serve' as* an adapter restoring any codons 
lost by restricting internal to the other regions. 

The DNA sequence encoding the transit peptide 
may be the complete t ransit-peptide-encoding sequence 

30 including the processing signal . or .. a truncated transit- 
peptide-encbding sequence lacking from about 1 to 10 

codons or a portion of a codon from the 3 f -terminus . 

. > ■ . ^ " "*)'*<' .... • ... 

In addition, one or more changes may be made in the 
nature of mutations, deletions or insertions in the 
35 transit peptide and processing signal, where such 
change may provide for convenience .in const ruction , 

;"t ***** * " ' * ^ 

providing for aconvenient restriction site or removing 
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an incoaveai'e'nt restriction arte'.' ■ The mutations may be 
conservative or non-conse'rvat ive , so that the transit 
peptide may be the same or different from the wild-type 
* tr&nsft peptide V * : ' ' ■ 

5 *The Individual sequences may be obtained from 

ftaturally occuri ; ng' ; source$ , , m-ay- be sequences modified 
lv from naturally 'occurring source^, may. be combinations 
of sequences front* naturalYy occurring and synthetic 
sequences, and the like. Various techniques can be 
10 used for modifying these sequences such as in vitro ' 
mutagenesis, primer repair, resection, ligation, 
tailing, v etc. The various techniques may be carried 
out iri accordance with conventional procedures . 

-The structural genes of interest may be 
15 derived from cDNA, from chromosomal DMA or may be syn- 
thesized in whole or in part. All or a portion of the 
structural .gene ^may 1 bb a naturally occurring sequence 
■ coding for ' a 'wild-type peptide or a synthetic sequence 
in whole or in : paift" coding f or a wild-type peptide or a 
20 mutant , f ais- a result of : a point mutation, insertions or 

' ' ...... . • . 

deletions. In some situations it may be desirable to 
modify all or a portion of the codons, £o'r example to 
enhance expression 'employing host-preferred codons. Of 
particular* Interest are 5 4iieterblogcus genes from- other 

25 than plant sources, such 'as Microorganisms, e.g. 

bacteria and fungi, non^vertebrates , e.g. Insects, and 
vertebrates, e.g. mammals arid flsH. i t 

The Various segments c of the chimeric gene can 
be joined in- a variety of ways / usually involving one 

30 or morfe of the fragments >eing inserted into a vector , 
cloned, the 'cloned plasmid restricted t followed by 
manipulations, as * appropriate , and joining of the adja- 
cent fragment to the cloned fragment. These steps can 
be repeated until the entire chimeric gene has been 

35 completed. 
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, j A. particularly. preferred, chimeric gene of the 
- oresent.' invention Ls form,ed by connecting ,the transit 
< peptide, f rom the small, su.bunit (3SU) : : pf s rib.iUoss 1 , 5- 

bisphosphate carboxylase wish a mutated, aro.A . gene, cap- 
5 able of .imparting resistance, to slyphq.sate. Although a 
.. number ,q£h publications have, .t^nde.cj. to, .indicate., t^at the 
SSU transit; peptide wo.uld -be generally .useful .without 
regard to how it, is, attached, to the/SGcuctiiral gene, 
. this has proven not to : be true, when the SSU .transit 
10 peptide gene is joined t,o the aroA ; gene , as well <as : 

other .genes . - ■ . t< ■ • ■ - f . ; .. *-. .. - , . 

: > _ f QCr particular interest' is employing from* 10 to 

20 codons of ; the SSU' 5 : T -terminus of the,, sequence 
encoding thre -.-mature; SSU j>rot<ein and not-more than 20 

15 codons , preferably from 14 to 1 8 codons , more prefer- 
ably 16 codons. ■ ■ - r. > .? .... - j t; 

F^or, .example,; : Van den Broeck et ,-al ♦ » Nature j\ 
,(1985) 313:358-363 de^scripes. a chimeric gene, io ( whichj, 
the: small aubunit gene is Joined, to the NPT^II gene 

20 ^(encoding bacterial neomycin phpsphotransf erase ; JI) , :r ; 
The fusion protein encoded in .bofeh p l,asm ids describe dr 
in the paper consists. of* the ST-amino-acicJ transit pep- 
tide and the .first methionine of a mature small ,-subunit 
■ polypeptide, a 7-aminq-acid linker .fragment , and NPT-II 

25 lacking the f irst methionine . Apparently this particu- 
lar fusion product was capable of tran^f erring : the NPT- 
II gene into chlproplas ts.. : -Similar results were* 
described fin Schreler et 41 . , EMBO Journal (1 985) 4^:25- 
. 32, .although the , cons tr.uet used there f , contained the 57- 

30 amino-aqid transit sequence and , an additional : 22. am.ino 
acids ;from the mature small subun.it . gene linked -yia six 
artificial codons to the 3339 NPT-II g^ne described by 
Van den Broeck. , * * , n ■ 

The procedure t qf Lubben and Keegstra, supra f 

35 employed a truncated soybean heat shock proteiQ C. 1 7:. 5 
kDa) with a soybean SSU transit peptide and 13 amino 
acids of the N-terminus of the . pea SSU mature peptide. 
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In comparison with a construct having the pea SSU 
mature peptide in place "of the heat shock protein, the 
t ranslocat ion of the heat shock protein was 
Vubs tant Lally less ef f icient . 
5 When the procedure of Van den Broeck et al . 

was attempted with the aroA gene, the gene product was 
not transported! into the plant chloroplasts . Thus, the 
general indications in Van den Broeck et al. and 
Schreier et al . that the small subunit transmit protein 
10 can be used generally to transport peptides to chloro- 
plasts are seen to be inaccurate. There appears to be 
a requirement for fusion of the aroA gene to a segment 
of the small subunit gene that includes the transit 
peptide sequence, the processing sequence, and the 
1 5 post-processing amind-terminal portion of the mature 

small subunit peptide or other polar sequence. * A func- 
tional mutant may be employed In which one or more, 
preferably one to three, amind~acids have been replaced 
by other amino acids, preferably conservatively, to . 
20 link the transit peptide gene to the aroA gene. 

In order to have expression, it will be nec- 
essary to have transcriptional and translational regu- 
latory signals. Conveniently, the chimeric gene may be 
prepared having its own initiation codon and stop 
25 codons , so that expression will be initiated and ter- 
minated at the appropriate codons . In addition, a 
transcriptional initiation region, including the RNA 
polymerase binding site and transcription initiation 
site, and terminator region will be provided 5 T and 3 T 
^ u to the chimeric gene, respectively. 

• — — -.- -• ^-y - % — — • -• ^ 1 " T" ^ ^ —. ■ — — _ : 1 — — : — — ■ ■ 

Conveniently, the transcription initiation re- 
gion may be the native promoter region associated with 
the transit peptide. However, in many Instances, the 
native transit peptide transcription Initiation region 

- ■ . f ■ : ' - - f - ' " - ; 

3— , ■ A . ». , - - - i 

-> may not be acceptable because it does not provide for 

the desired degree of transcript ion or constitutive 

transcription is desired, where the leader peptide 
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transcription is inducible, or vice versa. Therefore, 
the dative transcription initiation region may be sub- 
stituted by a different region or the region upstream 
from the RNA polymerase binding site and transcription 
5 initiation may be substituted to provide for inducible 
transcription* 

The transcription initiat ion regions which may 
be employed may be derived from various plant gene 
promoter regions, including such plant genes as small 

10 subunit (SSU) carboxylase, acyl carrier protein (ACP) 
and Elongation Factor 1 , or may be bacterial plasmid 
gene promoters which are functional in plants, such as 
the opine synthase promoters of the Ti- or Ri- pi asm ids 
of Agro bacterium or viral promoters. These promoters 

!5 include the promoters associated with opine synthesis , 
e.g., octopine synthase, nopaline synthase, mannopine 
synthase, agropine synthase , etp. Viral promoters 
include the cauliflower mosaic virus 35S promoter and 
region VI promoter. 

20 In much the same manner as the building up of 

the chimeric gene, an expression cassette can be devel- 
oped where the chimeric gene is flanked by transcrip- 
tional initiation and termination regions to provide 
for the desired transcriptional regulation. In some 

25 instances, arid with increasing frequency , 'expression,,, 
constructs are developed , where the transcriptional 
initiation and termination regulatory regions are pro- 
vided "separated by a polylinker having a plurality of 
restriction sites , where by insertion of or substitu- 

30 tion of a small fragment of the linker with the chi-. 
meric gene, the chimeric gene may be ligated so as to 
be under the regulatory control of the expression cas- 
sette. The expression cassette is normally carried on 
a Vector capable of replication and selection in one or 

35 more hosts, particularly including prokaryotic hosts. 
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' " Depending' upon the* manner in ; which 'the ' expres- 
sion eass&tt£ ; is "introduced Into a plant ceil/ the 
expression cassette may be initially joined 60 other 
' 'DMA regulatory regions / ' Commonly , the expression cas- 
5' setfce will v b'e joined to J a re\oii cat ion system functional 
iri'profcaryotes', part i cul^al'y ... E . 'co ll , so as to allow 
'for cloning of the expression" cassette for isolation, 
; sequencing, analysis, and' the like'. Included with the 
replication ^system will usual.lyV.be" 6ne.; : 6r. more' markers 
10 which maty allow for selection- fix the host, the markers 
usually involving biocide resistance , eLg. 1 , antibiotic 
resistances* heavy iaet&l resibtaace ; toxin resistance; 
fc complementation j ' -provi ding prbtottfophy to an auxo- 
^' " >: trophic host ; immunity; 1 etc-; ' 7 > 

1 5 Where the DNA will be «mi croln jected into the 

host cell," : a tear ker will usually be desirable which 
allows for selection of those- cells in which the in- 
jected DNA has' become integrated and functional. Thus, 
"markers will be- selected which -eah be detected "in a 
2Qf plant host.- ■ * ■ > * . . t • - . . * s 

Alternatively, one %ay use a tumdr- Inducing 
■ " plasmid^ such as r a Ti- 'or Ri-plasmid, which may be 

armed (causing "gair formation^ or disarmed (not causing 
' :, gall fbrmatlon). See HbekehaV J Hkture h 983)' 303:179- 
25 180; EP A Mo. 1 1 671 8 ami WO 86/03776. Vaeious construe- 
tions can be prepared involving T-DfTA vtiere the expres- 
sion cassette of Interest nay "Hive a : single T-DNA 
border , the right bbrder , o"r : be : bordered on both the 
right knd ieft sides' by T-DNA borders. the borders 
30 ^will involve at least about 50bp of the f-DNA, usually 
'at least about lOObp. If destredii one' or more of the T- 
DNA^ structural genes with their expression systems may 
1 be included, -so that integrating into a plant host will 
result in expression of an opine, which may 7 be used as 
35 a marker for' the presence 1 of ' ; T-DtfA integration,. The 
particular mannef in which the expression cassette is 
'introduced into' the' nucleus of' tHe' host'is not critical 
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..to .this: .iay.ea.tion , 3Q long as ; the. ^expression cassette 
is oresent and capable of functioning .to . provide tine 
desired . product , ... , . - ^ 

... The express ion casset te ^included , in. a prokary- 
5 otic vector having one or both T-DMA , borders .may,,be. 
transformed into .A. ^ tumef ac jena, .or jU r.hizoganes con- 
gaining a T i - p r Ri- pLasmi d res pep t i ye \y , : : f o r example, 
by: the techni que.de s cr-1 bed, by Zambryski .. e t al . , t , in 
. Genetic Engineer jng, Principles ..and, Methods Vo 1 6 
,10 (eds., Setlow; and Holl.aend.er ), 253^278 ,(?l<|nu r TU M r ,Y. . 
:1984); Binary Vector application ferial :: No . 83.^.1 61 ; 
. and A.. Hpekeraa, The Binary Plant Vector System (1.935), 
. (Of f setdrukkerij Kanters , B. V. .-Alhless ; ardum) - , The 
expression cassette becpraes : integrated; into the st umor- 
1.5 inducing ..plasm-id - in the T-DNA>. and the bacteria con-; 
■taining the cassette may then be used for infecting ;a 

, plant cells or tissue.. . r ?, - / 

Various techniques exist , for d^tertaijning > 
whether ■ the desiredr;p.roduct is present in the plant 
20 cell integrated in the genome and is being ; trans.cr ib€td , 
(Techniques such $s the .Northern blot^can be employed,, 
„for detecting messenger UNA which codeis foq the fused. 
pepti.de. , .In addition,- the r .presence of expression cam 
be detected in a variety of ways . Where ti^e expression 
25 prpduct provides a detectable, phenotype , such as a 

novel pheaotype ,or enhancement of an endogenous pheno- 
type, the expression of the desired proclupt may ; be 
... determined by r de teeming the r p'oenotype* Where a .detect- 
able phenotype is not available, antibodies specific 
30 { for the mature, product may be t employed. T^e c^loro- ; 
plasts may be Isolated .in accordance. with conventional 
ways, disrupted and the Western ,or other r technique 
employed for . Identifying, the presence of the des.ired 
.product . . 

35 . . After transformation, -the cell tissue, (e.g.., 

protoplasts, explant3:H or potyledoas ) are : transferred 
to a, regeneration. -medium for formation of a- callus . 
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; The regenera^rori media- wiri usually contain a- bacteri- 
cide,: evg':. •cacbenicilltn ( 500mg/L) , and may contain a 
selective reagent for selecting transformed cells. For 

- example, with .the kanamycin- resistance gene (APH3 T II) , 
5: kanarnycin will be added to at least about 30mg/Land 

" usually no t mc r e ;t han about 5£0mg/L, preferably from 
about 50 -to IQGmg/Lr ia the selective medium. The 
regeneration .medium '.includes- an appropriate salt : 
source, such as Murashiga-Skoog salts medium, a carbon 
10 source, e.g.., sucrose, with appropriate other addi- 
tives * such as hormones,- av&.--, zeatin, etc., at about 
0.75-2.25mg/L, myoinositol at : about 50-200mg/U etc*. 
. .Also, a, vitamin, supplement? may be added, e.g., Nitsch 
"vitamins', at about 0.5 to 1 .5ml/L of lOOGx stock 
15: (usually 1 .Oml/L) > aja is conventional in regeneration 
media. ^ The: ;1000x stock of Nlfcsch vitamins contains in 
a .lOOinli f inal rvoLume: SOmg^thiamine .ftCl, 200tsg ; 
glycine, i50sig: nicotinic acid,, 50ms; pyridoxine HCl* 50rag 
; i - f olic £CgMv 5ml: biotin. aivd water to volume. The carbon 
20 source will be. present in. from 10 to 30g/L. Conveni- 

- .ently, the; regeneration medium contains- about 0.5 to 
,1^0X agar, with the regeneration mediuiE being buffered 

at .aSout pH 6 ± 0.5. , \ 

* In 2 to S weeksz. shoots normally develop. When 
25 the, .shoots; are 'approximately 1 Ho 2 cm, they are; 
. .excised ;at the base and transferred to a rooting 
medium, wwhtch' may be the same medium on which the 
seedlings were grown :,: wit h< car beciicillin and kanarnycin 
sulfate added. • ■> 

30 * Once .the modified' plants' have Seen obtained,' 

T^-t;hey-<e:a:n~bet~grown to sufficient maturity to" provide 
- . sufficient material to determine whether the desired 
.•; : product - is- still being produced, in all- or- a portion of 
the, plant icells'. After expression" of the desired pro- 
35 , duct has been demons trate-d in, the. plant., the plants may 

be bred to se;ed, used for crossing with other plants , 
• i. • as, . appropriate to. produce hybrids; hawing . the desired 



WO 88/02402 



]PCT/US87/02401 



1 7 

expression: capability of; it he .expression ;aas3ett e' 'or , a3 
appropriati3 r produce ..vari.Q'as: propa^ules, for further 

propagation..- I : ■ 1 ■ 

-The chloroplas t.s - are extremely -important ceil 
5 organelles. Therefore, delivery of proteins' 'to^the 

chloroplas ts may, allow .for. the. : engineering of .herbicide 
resistance^ alteration of j ami no- acid metabal rsgiv J -alter- 
ation of photosynthesis., if att'y acid metabolism ..-and 
..other important metaboli c f unctions . " '■ - 

10 . i > of .particular interest, is- a cotts tru=ction 

: employing the' small subunit leader peptide of *1 , 5- 
ribulose-1 , 5-bi.sp.ho:5ph r ate; ^car bo xy las e *, ;more. particu- 
-iarly , the small subunit lead'er peptide' from soybean 
(Berry-Lowe et . al • J, . Mo 1 , ApplV Genet, X 1 9&20 \£:H3) • 
15 The leader peptide jfrom this gene may- be joined to an 
j .a^oA gene, particularly an ar o A gene express ing-an : *r 
enzyme: resistant to.lnhibl tian by. an enzyme inhibitor 
for the wild^type enzytne aa Is described above ;, r 

In conjunction with the chimeric 1 'plasmi'd' 1 may 
20 be; used- transcriptional regulation systems , such as 

those- associated with T-DNAv e.g., octoplhe, nopaline,: 
mannopine or agropine synthases-; or the small subunit.- 
transcriptional regulation systed. Usually* the con-, 
struct ion will involve' the*. termina&or region of the 
25 leader peptide or transcription initiation region^ 

whlchjcan be introduced downstream, frofa the, structural 
gene by any .convenient means. Usually, the terminator 
region will be fpom about 50bp to not mare thanvabout 
1000bp from the stop codon(s). .:■ o. ' 

30 ^ The \3ubj*.ect. procedure results In the produc- 

tion of novel proteins'. From one to : 20 amino acids of 
the M-terminus of the mature product may* be/ substituted 
, by the polar region or the: N-terminus " extended by the 
polar ; region. . These proteins are d is tlngui sited -by 
35 having an unnatural' N-terminus-. coded for by the hydro- 
. philic region. Thus , as exemplary , is an araA gehe 
- comprising at i ts * Nrterminus from 3 to 20 heterologous 
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..amino acida* - With the. SStJ, siiibuait, the protein will 
comprise . 1 U. to 1-8 :pref er ; ably To a.nino acids of the 

" " ..... j ...... 

mature SSU protein. Similarly ^ other of ■ the ohloro- 
, plas t en dp : geao us; .proteins may .be similarly character- 
5 . i ze d. .-by . 1 3rQ ki n g ; t h-e i r H - 1 e rm i n i f either as a result of 

^placement ,pf the natural-. N;-termini with the polar 
•. region c^r -by ; t)eing- f used; tp. the polar region to. provide 
t ;;an extension; of the wild-type: BT-terminus. 

. ' ;Xhe foLlowing examples— are offered -by way of 
il lust rati on an,d no-t*. by way-pf, limitation. 
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EXPERIMENTAL 



Strains and plasmids 

15 : :. /Three RuB? SSU clones were used. PSRS2 . 1 is a 

genomip, scybe.an clone (Berry^Lowe et al . (1 982) supra ) . 
TSSU3-8 and SSU3-2 are genomic tobacco clones (O'Neal 
,v et al * H ucl„_ Acid-. Res . (1 987) in press,) . pSS1 5 is a 
, pea CDNA clone, (Coruzzi et al . , J. Biol, Chem. (1983) 

20 258:1 399)^ The transit peptide; regions of the soybean 
and fc tobacco SSU are 75%. homologous . - The first was used 
for in vitro uptake studies, the Letter for in vivo 
plant expression, o . 

DMA, mjandpulat ions were carried otjt according 

25 to es^abliahed procedures (Manlatis et ah (1982) 
Molecular Cloning: A Laboratory Manual, Cold Spring 
Harbor Laboratory,,- Cold' Spring Harbor, NY) * Manufac- 
turers specifications we?? fallowed where applicable. 

3Q Construction, of pCGN565 artd t *.p.CG.N5.jS.6 . 
r ; : pUC12 (Cm R ) and pUC1 3 (Cn R 0 (Kjan Buckley Ph.D. 

.thesis, U.C. San Diego) were, each digested with Eco HI 
and Hind LI I and polylinkers from. p,UC1 3 and pUC1 9, were 
inserted, respectively into the : linearized pU.C12-and 

35 PUC13 to give p.CGNS?55 and pCGNJSop^respect t veJ;y ; Each 
of the. plasmids car ? ry a: chloramphenicol- resistance 
marker . ....... 
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4 Oofist ruct lori* of Plasmi ds' ■'••goatai ni-hg' the^flmlnd Terminal 
( Poet ion of RLTBPCssu (ri-bulose^l , S-^bfrs phos phate 
• carboxylase small •■• subuhlt) - ■ - • : f - *v 

■ 5 : ; pSRS2.1 (-Beryy-LQWa- -eft- al V •/ supraO containing 

an ScoRI f ragment whidh' includes " 5 'VUri't^anal'ated • region 
arid the 5' -coding rsgi'on bf 'fftfBP'Casu' 1 wad' 5 "digested- with 
EcoRI to provide th'e- fragment- and the Ecofc l fragment 
inserted into the S'Co-R IV site- 'of pCGN585 and' -p"CGN566 , 
10 respectively, to- pro'v-idS* pCGNSSO 1 -arid P.CX5M331 . respec- 
tively. pC'GIf331 : was th'6h further digested with Hind i 1 1 
which, removes most of the 5 T -untranslated- region to 
provide the amino, terdrlaai pbrt I on of the RLTBPCssu gene 
carried on a Hindlll-EcoRI fragment. 



Construction of Ml 3-65B f 48 (aroA) Clone" With Eight Base 
:y< ; Pairs Before the ATG Site- of the Mutated aro-A : { ' : ^ 
> Salmonella Gene ■ ' • > ; 

pPMG1 T"i OCbmai £t al:;y Sentence: !tf&8 J) 1 -221; 3 70 
20 contains a mutated aroA gene r'esiita^nt' tb giyphoaate 

■inhibition as a : SalI-HiftdIII : fragment. pPHGl 1 /was ^ 
'digested with Sail and Bg-ll t" and inserted intb -Bam H I- # 
Sail: digested' pACYC 184 (Chang* and Cohen-, J> .tiacfceriol . 
(1978) 1 3U ;1 1 M1 ) to provide pPMG17, With' the aroA frag- 
25 Sent. pUC9 (Vieira- and MesSingY MfrlecUlar Cloning 
(1 982) Cold Spring H'arb6r Lab ' Miffilal )^ wis '^pa^t'i ally 
-digested with Acci and pPMGiJ part lazily- digested wi th 
^ Hpall to provide ah about 1 * 6kbp fragment whlc^ri-was 
* inserted into the- Acol site of pUC9 to- provide : p?MG3l . 
30 p?MG31 was digested with Hind lll, resected about 150bp 
with 3al31, BamHI' linkers ligated : to t;heL;iiriea;r :DNA and 
the DNA digested 'with BamHI and Sail . The resulting 
fragment* carried the aroA ' gene wi th 8bp df the 5 f - 
' untranslated region' (f GAGTtTC-s^rise strand').. The" frag- 
35' merit was inserted into M13mp9 (Messing and Vi'etra. Gene 
(1 982) 1 9 I26 9) 1 whicfr- haa been ' di ges ted With BamH I' and 
Sil l to "yield the r ' phage '^M1 3 u 65Bfl8 cdnt&inihg the ; aroA 
gene as a BamHI -Sail fragment. 
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Amino terminal niodif ication of aroA 

M1 3-65 BU8 was digested with Mart and PstI, 

- ' . J - ■ ' . , ; i , - s • • . - 

generating an aroA fragment lacking the DMA region 5 f 
5 of the Mar I site V corresponding to the amino terminal 
protion of the gene/ This fragment was cloned in pUCS 
cut; With Accj and ?s tl , resulting in pPMG53. This 
plasmid encodes a lac-arok fusion protein in which 11 
amino acids of the pUCo lac alpha gene replace the 14 

10 amino acids of the M- terminus of the aroA gene . :v pPMG34 
has been described previously (Stalker et al . , J. Biol. 
Chem. (1'985) 260 ;M724-M728)' . The BamHI to Sail frag- 
merit containing the aro A gene was cloned in pUC9, 
resulting irr pPMG34 . 1 . Starting from the BamH I site,. 

15 the 5 ? -untranslated region of the aroA* gene was 

recessed tiy treatments with T4 DNA polymerase in the 
presence of a single* nucleoside' triphosphate , 'followed 
. " by mung bean nuclease digestion. After each T4 DNA 
Polymerase and mung bean treatment, the fragment' was 

20 subcloned as a blunt to Sail Insert Into a pUC vector, 
and transf ormants were screened for the expected 
product. After two of these steps a clone into a pUC!8 
was isolated In which the first nucleotide of the Met 
codon was part of an Xbal site ( . . .tctagatg) This 

25 plasmid, called PPMG34.2,' was cut with Xba l, treated 
"with T4 polymerase in the presence of dGTP, followed by 
mung bean nuclease, and TM DNA ligase- The DNA was 
transformed Into coll LC3, an aro A mutant , (Comal et 
al . , Nature (1 983) 317:7^1-744) and transf ormants were 

30 selected on minimal medium. Several piasmids comple- 

)' \ * ' ■•• , t ; 

menting the aroA phenotype were ' characterized. Plasmid 

PPMG34.3 was found to carry an aroA/iac fusion in which 

the. first nucleotide of the aro A Met codon had been 
deleted . 
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Construction of SSJ-aroA Fusion 1 

Ml 3-65343 was digested, with Bam HI and Sai l and 
the resulting 3am H I - Sal I fragment inserted into j the 
WamHI-Sall' site of pCGN565. The resulting plasnid , 
5 pPMG63, was first linear Lzed with ' Xma l , followed by , 
digestion with mung bean nuclease to reniove the over- 
hangs , and the resulting fragment 'ligated to Sph I ' 
linkers, followed by digest ion' with SphI and Sai l. 

OCGN5 66 was" completely digested at the unique 
10 Sohl and Sail sites and the SphI -Sail fragment con- 

taining the aroA gene inserted into the site to provide 
'dPMG64 : which contains the chloramphenicol resistance 

pPMG64 was digested . with SphI and a 0.6kb 
1 5 pCGN33Q SphI fragment inserted into the SphI site so as 
to orovide the RUBPCssu leader petptide in the proper 
orientation with the ' aroA gene- The SphI site i3 
oroximal to the 3 f -terminus of exon 1 of the RUBPCssu 
gene. The SphI and BamH I sequences , are sepapate^^y a 
20' single base pair and provide for the RUBPCssu leader 
"peptide and processing signal in proper reading frame 
with the aroA gene. The sequence is as follows: 



. V .ACAAT I XATQC J C | GGATCC J CG | TGACTTTC | ATGGAA. . . 

25 ' SphI BamH I 5**01 aroA aroA coding , 

region region 

RUBPCss coding I linker region | 

region . , 

1 * ■ - 

... .1 . • ■ * . 

30 The resulting pl'asmid pPMGTO was digested with jirndl];i 

to reap ye t he upstream untranslated CUT) .region of the 
small auounit, to provide plasmid pPMG72,/ Plasmid 

pPMG72 was "treated with Hind lll and EcoR I, and the SSU- 
aroA promoter/gene fragment was cloned in pS?64 (Melton. 
35 et al ., Wucleic Acid Research (1986) _i_2:7035) which ..had 
been digested with Hindlll and ScoRI providing plasmid 
PCGN1068. The vector pSP64 allows in vitro transcrip- 
tion of cloned DNA. 
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> Coa^tructi on of SSU-aroA Fusion 3 

• * * ■■ i mm '_" ■ This= fusion was planned La such 1 a way that 24 

amino acids * of the -mature 33U peptide ace present be- 
5 tween/tlie small. Asubunit transit peptide 'and the aroA 

: sequence / •/-Pl-asmi d :-pCGN1 068. was eut with Xba l, the 
... .respiting stoppered ends were "filled" with ' the large 
' ;f EcoR I DMA polymerase f ragment (Kl ; ehow f ragmen tO , the 
; * .plasmid vras ^cut again with 1 3ma l and llgated. This 
10 caused the loss of a BaaH I site present between the 

Xbol and Smel site. The resulting plasmid pCGN1075 was 
cut ' with :Ecpa i and Hind I IT rel(e'a3lng~ the S3U-aro,A 
chimeric gene (Fusion 1). This gene was cloned in 
Bluescribe-M1 3 vector (Vector Cloning Systems, San 
15 Diego) cut with' Ecoft I and Hind i 1 1 resulting in 

?.CGivf ; lCT6 . - Plasmrd PCGN1Q76 was cut with SphI and BaatH I 
and a 70bp SpUI r -SeuS A fragment from a pea SSU cDNA 
- . j ' clone , was ligated to pCG'NI 076 resulting in" pCGNi 077. 

-* : Such 7 0b p: SphI -Seu 3 A- fragment was .isolated by digesting 
20 plasmid pSS 15 (G.'Cbruzzl' et al., J. Biol. Chem. ( 1983) 
y 25Sj 1 399 )• with Seu3 A and SphI , separating the resulting 
fragments 'by agarose gel- electrophoresis and electro- 
elut'ion from the^gel. The chimeric gene in pCGM1077 
coasisted.of the transit peptide of the soybean SSU, 
25 part off the mature pea- SSU (24 amino acida) and the 
: arcJL gene. - It was called- Fusion 3. By digestion of 

• PGGN1077 with EcoR I and Hind lll and subsequent ligation 
• : ofvthe chiffieric gene to pSP6'U - (D . A. Melton et al . , 

! Nucleic ; Acid 'Research ( \ 983) ^Vm^ cut wit'h Hind II I 
30 „and EcoRI, plasmid pCGN103S was constructed. The 

chimerl©\r.SSU- > aroA~gefl'e "in - pCG»T&86 can be transcribed ~ 
^ vitro bby the use- of SPG-DNA -polymerase . A control 
plasmid containing ardA only,w&3 constructed by digest- 
• ing pPM063 with 3a"aH I and Sail and' cloning, it in- pSP64 
35 . treated with Bam H I and Sail , resulting in' pCG»1008 
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Construction of SSU-aroA Fusion 4 

To construct an ;SS ap o A ; :f u s i on ; a i m i 1 a r to 
fusion 3 but .lacking. . the. start ■■c.odort of the aro A gene, 
the aro A gene of. -ipPMGS 1 *;^ ^as e xotsed i.a3--a -Bam HI: to 
5, Sai l fragment and ^ge.l :: pu-rt;f Led*' /Plasmid pPMG72: ; was 
digested with BarnH I to, Sail i Ti\e ^fragment -.containing 
the , vector ,aad tfae 33U ^coding cagioa wa's gel purif ied 
and li gated to the j)re piously, purified . arc A gene,..;* The 
resulting plasmLd contained .an, iSSU- aroA - fug ion '.lacking 

10 the start Met , codon of; taroA .^ \ . :? - 

,. ■ . * - - . . '\ 

In vitro Synthesis Uptake of Wild^'fcype aroA, : 

Fusion 1 and Fus.jon ,3 ; j * : 

pCGNI 008, . pCGNI.068, and pCGMI 086 were line- 

15 arizecL with Eco RI . They were then transcribed.- by thei • ■ 
v;r addit:io,n : of SP5-SN:A polymerase, and' nucleotide pbecur- 
sors according; to the n^a/iaf a c twicer , sj^cfif i'ca[>tion3 " 
(Promego-piotec, Madison* Wisconsin).. The. RNA> was then- 
added to in vitro translation; extracts; from: ^he'ab. %erin 

20 , (BRL, Bethesda, MD) and translated Li h thfc' -presence of 
S^^-cnethionine (New . England;; Nuclear ) . * ; The! .resulting 
peptides were analyzed by SDS-polyacrylamide gel , . 
electrophoresis Translation of mRNA , f r-om ■ pCGNltOO-8 > : 
resulted, in the syntheses of a 43kd peptide; cornes^ 

25 podding in mobility to wildrtype aroA product . ' Trans- 
lation of mRNA from pCGNT068 : and pCGN1086 resulted in 
( peptidea of respectively. 50 and 53^d. • In* add! tion , a 
43kd peptide was produced -from translation 'of mRNA from 
pCGN1068, presumably resulting ^frotn spurious . ribosomal 

30 initiatioh of translation -at *the original , ago A start ' 
codon. Each translation, product was a Incubated r with 
isolated spinach chloroplasts : as deseribe/d b>y ;,Bartlett 
et al . ( In Ed.elnj.an et , al . : (eds } ; Meth . in • Chioroplas t 
JMol Bio, ,( 1 982) pp . 1 08.1. Elsevier) . The . chlcroplas ts 

35 were then treated wi th trypjsin to :diges t jany peptide 
outside the chloroplasts . Stromal and membrane frac- 
tions were separated as described In the reference 
above and analyzed by SDS-gel electrophoresis. 



• t * 1 I 



/ 



WO 88/02402 PCT/US87/02401 

' : 24 



10 



20 



30 



i. 



Construction ' of the' SSU-aroA fusion generation vector 
frCGNI 0 96 ' . v ; 

' : ' * "> to generate- a l&r ; ge number of fusions by the 
use 'of nuclease-* Bal 3 1 : resection a' specialized vector 
was 'constructed called- pCGNI 096 . -The following is the 
construction schemer the- aro A moiety of pCGN1077 was 
removed' by digestion vjith Sphl and Sail . In its place 
was cloned 1 the region' coding for the' mature SSU, as an 
Sphl 'aiid ?s*fcl , and ; then excising it with 3phX and Sail , 
the resulting plasmid, pCGM.1094 1 , codes for an hybrid 
SSU having the transit peptide of j the soybean clone, 
- and the mature 'portion ; of the pea clone and ; carries 
• Sat! and EcoR I sites 3'' of the ; coding region. The 
•15.. Hind i! I to . .BamH I region of trahsposon Tn5 (Jorgehsen et 
al . , Mo I i Gen . Genet . (19791 177 t65) encoding the 
Kanam'yciri resistance gene was cloned into the same 
• 1 ' si tes 6P pBIt322 CBoiivar Vt; aT. ; Gene CI 977) 2/95) 
generating pDS7. ? The Bgl2 site 3' of the kanamycin 
resistance gerfe :J was digested and filled in with the 
iar^e fragment of EL coli DNA polymerase 1 arid deoxy- 
nucleo tides triphosphate. Ail Sstj linker was iigated 
into the blunted 3ite generating plasmid pCGN1093. 
Plasmid pPMGS 1 *^ ws digested with Sail , the site filled 
25 . in as afrove and 1 Eeoa i . linkers -were 1 i gated into the 

site resulting in plasmid pCGN1092. The latter plasmid 
was- 'digested -with SstI and Smal and into- it was Iigated 
the kanamycin resistance "g£rie excised from pCGM1 093 
with sat I and Sma_l "giving pCGNi 095. "Trie kanamycin and 
aroA gene were excised as a piece from pCGM10 9 5 by 



digestion with S3 tl and EcoRl and. inserted into the 
SstI and EcoB I sites of .b'CGN 1 09*1 giving pCGM1 096 . 

• Summarizing, pCGNfl096 contains 5' to 3*- the following 
pertinent features:'-' The SStTgerie - a polylinker coding 

35' for Pstl . : Sail , SstI , and Kpni - the' kanamyci n resis- 
' ^arice gene - » Sm a I 'j-n d BamH I '" restrition 3ites - tile aroA 

• gene without trie original ATG start codon. 
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Generation of SSU-aroA fusions with pCGN1096 

Plasmi.d pCGM1 096, was. cut at: the r Sail aifre and 
digested with endonuclease Bal3 1 for different! lengths 
of time. The resected plasmid was , then, .digested with 
5 Sma l and reli-gated. Treatment . wi th, ( B|031 n^elet ed- dif- 
ferent amounts, of SSU co^ng , region .star ting .from the 
3' end of the gene. , Lt also deleted different ^port ions 
of the kanamycin resistance gene . starting .from phe 5 f 
end of the gene. Diges£ipn with Smal .deleted, the- 

10 remainder of the kanamycin resistance gene and -ligation 
joined the ATG-less. aroA , gene to. a - pointy ,-within ,t T he SSU 
coding region. One fusion out of. three should generate 
a . translat ion.ally active fusion between the ; SSU coding 
region .and aroA., These events were selected by trans- 

15 forming- the. resulting, plasraids in E.« , cell M LG3» r.an aroA 
mutant. (Qpmai et , al , , (,1983) supra ), , . and selecting for 
the plasmid r by ampicillin ^eaistanc^ and fjOr t^cansla- 
tionally, correct -f usions by growth on pinimal. medium. 
Complementing plasraids were isolated ^d vCharact^ri zed 

20 by restriction digestion. , Tlie sequence of vt^e fusion 
was determined by Sanger dideoxy sequence analysis 
. using a primer homologous to tl}? aminq terminal .region 
of aroA- > 



25 Construct Iqrv of the. acp-acoA Fusion Ge-.neratipn Vector 
PCGN1608 , ; ; . •- • - : 

A vector , analogous to pCGN1096 ; was 
to generate acp-aroA fusions., pCGNISOL qontains.a cDNA 
of spinach , ACP-I £Scherer and Knauf r Plant Mol . : Bio * 

30 (1 987) 9:1 27-134), The ACP gene was excised from 

pCGN1 SOL with Hcol ,and EcoRI, the Ncol end was . filled 
in with the Kl enow fragment of ; DNA Poll » and cloned 
into P.UC18 cut. with Smal and EcoR I to gi ve ^-p|CGN.1.9T9 . 
The acp carrying plasimid pCGI^I 91 9 was digested with 

35 EcoRI and, into that site was cloned the kanamycin aroA 
coding region of pQGNi 095 r resulting In pCGNI 608. -The 
relevant cegipn of .this-': plasmid 13 lasted, as follows 
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from 5 f ' to 3': Hind llf, ' '?3t t , Sail , Bam H I - ACP - 
EcoR I , Sst I - kanamyc in resistance - Smal , 3amH I - ATG- 
leaa : ar-oA ' EcoR I , Pat I,' 'sphl ,' Hind lll. 

5 Generation of ■ac'p-aroA ' fusions with pCGNI 608" 

> ; ' ' Plasmid pCGNfSOS: was cut at the Sst I site and 
digested Wrt'n ehdohuclease Baj 3 1 for different lengths 
bf time." The resected' plasmid was then digested with 
' v Smal and "reli gated. 1 Treatment with Bal'3 1 deleted dif- 
10 ferent' amounts of acp coding region starting from the 
' 3 f end of the gene. It also deleted different portions 
of , the kanamycin^ resistance' g'ene starting f rom the 5 T 
end of the gene. Digestion with Sma l deleted the 
remainder of the 1 kananiycirT resistance gene and ligation 
15 joiued ; th£ ATG-less aroA gene to" a point within the acp 
coding region. ^One f usion ' out of three should generate 
a translationally active fusion between the acp coding 

region / and afro A » T-hese -events were selected by trans- 

. - * ■ * * * 

forming the resulting plasmids in jE. coli LC3, art aroA 
20 1 mutant, and selecting for theplasmid by ampicillin 
' resistance aha'f or trinslationally correct fusions by 

growth bn minimal medium. Complemieht Ihg plasmids were 

isolated and characterized by restriction digestion. 

The sequence of the fusion was determined by Sanger 
25 didecxy' sequence analysis u£lng a primer homologous to 

the aminb terminal' region of aroA l 

: Testing of Fusion' Constructs 

' 'The fusions' chdsen for characterization were 

30 cloned Into an expression vector as follows. Fusions 
originating from pCGNT608 were cloned as Sail to EcoRI 
fragments Irlto pCGNT9G6 cut with 1 the same enzymes. 
PCGNT4C6 is an expreiisidn vector having the CbMV35S 
promoter (nucleotides 71 46 r to 7546) and the OCS 3 T 

35 -region (1 2,823 to 11 ,207) (Barker et aq., Plant Hoi. ' 
JLL : _ < r 383) 2^:335) 'cloned via linkers ' into pUC 
ba^;bone; Saill'and' EcoRI sites are located between the 
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5' pronotac and 3 r te^tnination ti resion allowing proper 

posit Loaifig',; of the gene to be t expressed ... .The. -result Lag 
plasmids contained the ..f.us iqn ..under,,. the control., of the 
CaMV 35S promoter and spliced to the teal 
5 polyadenylat Lon signal.. F^sion.3 pr igtna tirig fr^om. 

PCGM1608 were cloned as" Ba'mHlVto EcqR I/ ,g ragmen t a into 
the exoression vector ,pCGN1 0,96 , cut wifcfr Sgll l, ..and 
EcoRI. The later carries the CaMV 35S promoter and the 
ocs 3 T polyadenylat ion region separate;! by, Bgll l, 3all 
10 and EcoRI sites. The resulting plasmids.. were,. , , 
characterized by restriction endonuclease digestion, 

purified and el.ectrpporatecl into Nl cot l.an a , , t o ba c urn 

protoplasts. After .48 hours Inpubatic^/i the 
electropocated" protoplasts, were .analyzed for the 
15 presence of aroA related proteins by Western blot 
analysis (Comai et a.J. ( 1 985) supra) . . 



Delivery of , Bacterial EPS? Synthase, ,iqto ? Isolated ■ 

v . > '. - .......!. .... ~ . . ^ -■ ■ 

Chloroplasts In Vitro - 4 r- : > 

20 , Fusions 1 and , 3 incorporate, respect iyely i the-, 

first I and 24 amino acids of the mature.. SSU. Ftision 4 
differs from fusion 3 In the linker-cpded region and. in 
the deletion of the aroA start ,co t doa. 

The fusion gene? in the. SP6 transcription 
25 vector pSP64 (Melton et al , Nugl . -Aglda « . Rea P (.19,8^) 
1 2:7035-7056) were cloned .anji then ( transcribe^ g.nd 
translated in vitro . Translation of mRNA from pCGN1003 
resulted in the synthesis qf a 43 kDa peptide f cocres- 
ponding in mobility ^to wil4-type aroA product. Trans- 
30 lation of mRNA f rom pCGNI 068 and . pCGM1 086, resulted, in 
peptid.es of respectively 50 and 53 kDa. Radiolabeiled 
precursor was then .intubated with isolated spinach- 
chlorpplast3 . , After .incubation .the chloroplasts vrere 

* • * 

washed, treated with trypsin if . specif ied , and. membrane 
35 and stromatic fraction- were separated, and analysed by 
SDS PAGE . Fusion 1 protein is not efficiently trans- 

^ { ' I T ■ ^ ..... 

located into the chloroplasts, as negligible amounts 
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-are' found- in either the rrtembrane or stromatic- fraction . 
Fusion 7 3 is - translocated V two polypeptides are found 
in the stromatic f raction and have MW of 47 and 46 kDa, 
the- expected size for- -the processed products A change 
5 * in mobility Of ' the translocated proteins is visible 
after' trypsin treatment v : - This could indicate that the 
transport is riot complete and part- of the protein is 
still accessible to the- protease . In support of this, 
■ small amounts 'of the 47 kDa species of EPS? synthase 

10 are present in the membrane "fraction. Partial diges- 
tion upon trypsin treatment of the chloroplasts could 
also be explained by limited access to the stroma by 
trypsun. Alternatively, the 47 kDa species could be 
the result of an incomplete 'transport: process and, 

15* therefore, be partially exposed to proteolysis . 

Deliver;/ j q£ Chimeric Fusion Protelhs into Chloroplasts 
by Transleiit Expression in Leaf Protoplasts • 

Fusions incorporating ! 1 2, 16*; 19, 3 1 *, 64 and 

20 92 amindr acids of the mature, small subunit were 

isolated and characterized. To 'facilitate -;he analysis 
of delivery these fusions were cloned in an expression 
vebtor and electroporated into leaf protoplasts. After 
48 hours , } the" protoplasts were analyzed by Western blot 

25 1 using an tl aroA antiserum. Although chloroplasts were 
not' isolated, Western *blot unequivocally' established 
-that : the . 'protein w ? ds properly delivered and pr6cessed 
- si ne'e- the difference iri size ; between the precursor and 
- the m f ature protein is about 7 kDa. 1 In no experiment 

30- was a precursor ever detected. 

- — — H— ^Th«— abaen-c^^ 

in^ cases of efficient delivery, or in cases of no 
. delivery,- indicates that under transient assay condi- 
tions, the- half life of -this i species is very short. It 

35 is either delivered successfully or turned over 

Rapidly. The amount of mature ; small subuni t present in 
the fusion has a profound effect on its delivery 
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* efficiency: the moat -efficient cons truqt ; yas the one 
: incorporating 1 6 amino, ^acids of> ..the- mature small, 
subunit. If its efficiency Is .-given the. arbitrary unit 
of one, the following , are the normalized ^efficiencies : 
5 ,12 aa - 0-3, 19 aa * 0.--09., 24 aa ^;,0 .Q7 , J aa 0.005, 
64 and 92 aa -<0.003. \ In addition., .Wie^pcrocess ing 
heterogeneity observed witlv fusions .3. (-19) and K ,(3*0 
was not seen with either, the., 12 c or .1:6. aa,,fusions 

A;. const c-uet.,-- -incorporating 35 amino v ae i ds ; of 

10 the matureACP was successf ully del i vered- into the 

chloroplast although at .relatively; Iqw .ef f i.ciency > A 
second -.-fusion ancorporat ing 7 M2 *amino acids w<*s not 
.. delivered at all. : Although the, .pattern of use of ACP 
as a transit pepti.de-is .based :oa. only .two fusions., it 

15 resembles -the one of, rth^vsmall subunit * A -peptide 

region at the amino terminus of the mature protein that 
has been delivered, is . Tieed_ed f or optical, ; e£ £ icienpy . 
This peptide has, salient .ch^ractejCi^tji • P°tfy ia< the 
SSU and in the acp it is predicted by,;th« analysis of 

20 Kvfca- .and, Doollttle t i J« ; Molv Biol. (1982), 1J>7,:105) tar be 
..located on the .surf ace of the. ..protein.. ^Furthermore, it 
;> carries a series, /of positively charged amino, acids; in 

. : the case of , the small subunit tl\ey are, at ; positions 9, 
10* and 11 (all.Lya). in ACP there -are Lys residues at 

25, position- 8, 9>» H,. ; 20* 22, and an Arg residue, at iposi- 
tiorv 1* -Further evidence, toward the importance , of 
positively charged amino, a,ei4s -is gi^e** by , the ,data of 
della Glopoa et al , . ;B lot e cftno Lo gy ^ (1987) 5^:579-584, on 
i the amino terminal ; region of the plant , EPSP-synthase 

30 (delivered to chloropl.asts ..as precursor) where .positive 
amino acids residues are found at posit ions 1, 11, 
and 18, - Lubben and ( Keegstpa , . supra used the- SSU 
transit pept Lde : plus < 1 3 ? amino. acids of * the; m.at;Ure. SSU 
fused to- a soybean heat shock- protein to ■ demorvs trat e 

35 delivery in vitro . /However, no information yas 

supplied on /the effect, of the mature portion; of SSU for 
delivery. * - --^ * : • ■* 
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30 

It is evident from the above results that 
improved efficiency of translocation of proteins, 
particularly those having hydrophobic. IJ-teraiini can be 
achieved by employing polar linking groups between the 

+ * — ■ 

processing signal and protein of interest. In this 
manner, the N-ter'minus of the protein may be selected 
to retain the protein'3 wild-type characteristics, 
while providing for substantially complete transloca- 
tion. In addition, the linker may provide for enhanced 
or modified properties' of the protein. Substantial 
flexibility is' provided in the design of genes and 
their expression products , while limiting changes at 
the N-terminus . 

All publications cited herein are indicative 
of the level of skill of "those skilled in the art to 
which this" invention pertains. Each publication is 
individually herein incorporated by reference to the 
same extent as if each publication had been individu- 
ally incorporated by reference at the location-'^cited. 

Although the foregoing invention has been 
described in some detail by way of illustration and 

i 

example for purposes of clarity of understanding, it 
will be obvious that certain changes and modifications 

* ' r , j * ' 

may be practiced' within the scope of the appended 
25 claims. ' ' ._....<-. 
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WHAT IS CLAI MED IS : 

1. A DNA Gonstruct compris iag,. in the 

direction of transcript ion: 

5 1) a transcriptional . and, t ranslat ional 

initiation region functional in plants; 

2) a first DNA sequence, coding for a 
transit peptide and processing signal; 

3) a second DNA sequence of from about 5 
10 to 20 codons coding for a polar region comprising, at 

least two positively charged amino ; acids or o,f from 12 
to 30 codons encoding, the N-terminal region of the 
mature acp gene; it . 

4) a third DMA sequence encoding a gene 
15 of interest from other than a plant source; and 

a transcriptional and translat ianal 
termination region functional in plants^ v „ : , 



2„ A DNA construct according to Claim. 1, 

" , , * - " . > ■ ~ . .- - . . - 

20 wherein said first sequence is the transit peptide of 
the small subunit of r ibuiose- 1 , 5-bisphosphate. 
Carboxylase! 

3. ' A DNA construct according to Claim 4, 
25 wherein said second sequence Is the natural sequence 

joined to said first sequence and is of from about 14 
to 1 8 codons . 

4. A DNA construct according to Claim 1, 
30 joined at its termini to an armed or disarmed Ti- or, 

Ri-plasmid . 



5- A DNA construct according to Claim 1 , 
wherein said first sequence is the transit peptide of 
35 the small subunit of ribulose-1 , 5-bi3phosphate 

carboxylase; and said third sequence is the aroA gene 
with up to 20 of the first codons replaced by said 
second sequence. 
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6. A protein comprising (1) a first peptide 
region consisting of a transit peptide and processing 

* signal ' functional in a plant cell; (2) a polar region 

5 of from about 6 to 20 amino acids; and (3) a second 

peptide region consisting of a peptide having a 
function of a chloroplast protein. 

7. A protein according to Claim 6, wherein 
10 : said pblar region is the natural sequence joined to 

said f irst peptide' region. '" ~ 

' ■ ! 

3. A protein according to Claim 6, wherein 
said transit peptide is the transit peptide of the 
15 small subunit'of ribulose-1 , 5-bisphosphate carboxylase 
and said second peptide region is the aroA gene with up 
to 20 of the N-terminal amino acids replaced by said 
polar region. 

20 9. A protein comprising (Da first peptide 

region consisting of the transit peptide and processing 
signal of a plant acp gene; (2) from 12 to 30 codons 
encoding the N-terminus of the mature acp; and (3) a 
second peptide region consisting of a peptide having a. 

25 function of a chloroplast protein other than acp. 

10. A method for introducing a gene of 
interest into a chloroplast organelle in a plant, said 
method comprising : 
30 growing plants having in their genome a DMA 

sequence comprising: 

a DNA construct comprising in the direction of 
transcription: 

1) a transcriptional and t ranslat ional 
35 initiation region functional in plants; 

2) a first DNA sequence coding for a 
transit peptide and processing signal; 
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3) a second DMA sequence of from about 8 
to 20 codons coding for a polar region comprising at 

least two positively charged amino, acids; 

4) a third D N A seq,uence } encoding a gene 
of interest other than a plant, gene; and . 

a transcriptional and ^transnational 
termination region f.unct ional M in plants,; 

whereby said DNA sequence is translated to 
produce a protein comprising s^.id transit peptide, 
processing signal, polar region and the translation 
product of said gene of interest t „ and said protein is 
translocated to said chloroplast and said transit 
peptide is removed. . 



*5 11. A plant cell comprising a construct 

according to Claim 1. t 



20 



} . 



25 



30 



* : V 



35 



INTERNATIONAL SEARCH REPORT 



International Application No PCT/US 8 7 / 0 2 4 0 1 



_■■ C^S SIPIC ATrOH Of sUi^ ECT MATttR M several c.ass.f.calior, s ymbo.s aoply , indieate a „, , 
T^rTf '^r^KT^ f ? t% n ^ C " a "' f, " , J 0 "- ,,PC jL<»; <° <"»h National Cla,s.neatio„ an* IPC 

IPC(4) : CI 2N 15/03, G12N 5/00 7 s , C07K ^/OOr'cofk 13/00 
l US CL ; 43,5/1.72, 1,240.1; 530/300,350 

II. FIELOS SEARCHED : rr ~ Z zr^rr— — — — _ 



''Classification System 



Minimum Documentation Searched * 



Classification Symbols 



U.S. 



•4 35/68,172. 1, 172.3,183,91,240.4,317. 1,3 20; 4773? 
935/9»10,30,47,48, 49, 56, 64,67.14 
530/370, 379, 300; 350 ' 



Documentation Searched other than Minimum Documentation 
to the Ejtent thai such documents are Included in the Fields Searched » 



K???™ ABSTRACT DATA BASE ( 1 9 67-1 9 87 ) :- BIOSIS DATA BASE (1969 
1987 KEYWORDS: TRANSIT PEPTIDE, PROTEIN UPTAKE (BY.) CHLOROPLAST 
PROTEIN PROCESSING V AROA AND' GENE CHLORO PL AS T : SEE ATTACHMENT ' 

111. DOCUMENTS CONSIDERED TO BE RELEVANT i* - 



Category * | Citation ol Document, if with indication, where appro pfiate"., of the relevant passages ir 



X 
Y 



Mature, volume 313, 31 January 1985 : , 
(London, England), Guido Van den Broeck 
et al, "Targeting of a foreign- protein 
chloroplasts by fusion to "the transit 
peptide from the small subuhit of 
ribulose 1 , 5-bisphosphate carboxylase", 
pages 558-363.; See especially 359,360, 

361 . ; - , ; • . }■ - ! 

EMBO Journal , Volume 4, August 1985, 



Relevant to Claim No. " 



to 



1,2,4,6,10, 
11 

,8,9 



Y,P 



(Oxford .England ) ; P.HISchreier et al . 
"The use of nuclear-encoded sequences 
to direct the light-regulated synthesis 
and transport of a foreign protein into 
plant chloroplasts", pages 25-32. 
See especially pages 26,27,29,30. 

B i ot ec hno 1 oqy , Volume 5, June 1987, 



:>,4, 10,11 



(New York, New York, U.S.A.), 
Guy della-Cioppa et al., "Targeting 
a herbicide-resistant enzyme from 
escherichia coli to chloroplasts 
of higher plants", pages 579-584. 
See especially pages 580,583. 



Special categories of cited documents: 

"A" document defining the general state of the art .vhicri .3 not 
considered to be of particular relevance 

* E " 2* r,ier document but published on or after the international 
flung date 

"L" document which may throw doubts on priority claim(s) or 
winch 13 cited to establish the publication date of another 
citation or other special reason (as specified) 

**0" document referring to an oral disclosure, use. exhibition or 
other means 

**P" document published prior to the international filing date but 
later-than the priority date claimed 



"T later document published after the international filing date 
or prionty date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

"X" document of particular relevance: the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step 

"Y" document of particular relevance; the claimed invention 
cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 



A" document member of the same patent family 




Date of the Actual Completion of the International Search 

12 December 1987 

International Searching Authority 1 

ISA/US 

Form PCT/ISA/210 (second sheet) {May 1980) 



Date of Mailing of this International Search Report 1 



2 5 JAN 1988 




' Trtfefh^tibnal Application- No. 

— : ' •: - " PCT/US87/024 01 

DOCUMENTS CONSIDERED TO BE RELEVANT ^ (CONTINUED FRO*J THE SECOWD SHEET) * ' 5 < ; 

Category * Citation of Oocument. <wtth indication,, where, appropriate. *of the relevant passages } ' A Relevant to Claim No l * 



Y Proceedings Of The National Academy 1 ,2 , 3 ,56 , 7 

Of Science , U.S.A . , Volume 83, August ■■ • ' ' 

1983 (Washington, D .C . ) , Thomas , H* ' Lubben, \ 

et al., "Efficient' in vitro' import . 1 
of a cytosolic heat, shock protein 1 
into pea chloroplasts" ? pages 5502-5506. 
See espec ia llyilpag^s^^ "50 3^S$0,5''. , 

Y Nature, ; Volume ;317,J:24^9ctohe^; %9$si .\-,.- ^ .5/8 , J 
(London , .Ejiig.lanid:),;'...^^ -Comjai et "al ; : : ! r:-- 
Express idn in plants * of ' a- mutaht : aroA - 

gene from Salmonella, typhrmur^um -- '^ * ; "^v^' *' 
" confers toleranc^t^*^ - - : ^'i 

pages 741-744. -* See ; especially pages' ' " 
' 744-745.' v .<. . ; •.. '. i 

Y, P J ournal Of , Cellular Biochemistry L> . ; ? h ; L m .9 
February 1987,. Supplement , - 
XI ( Part ,B , NUmber F018> - ! & u c r : ) . 
(New York ) , John B. Ohlrogge et al ^ 
"Plant acyi carrier proteins". 
Page 10. 

. .~ W ' - r > 

" . '\ ' 1 } , * . ; ■ '-' ? ■ • 

< . 1 . t r , " ■ ' , \ 2. , . „_ ' 

A European Patent Application 021857 iA2V^ c; ^ 

D.M. SHAH. ET AL., 15- April-' 1987, ric- ' ■ - • ; 
Glyphosate^resistant Plants.^ /::«>**■,' 



FURTHER INFORMATION CONTINUED FROM THE SECOND SHEET 



v -0 OBSERVATIONS WHERE CERTAIN CLAIMS WERE FOUND UNSEARCHABLE 



10 



This international search report has not been established in respect of certain claims under Article 17(2) (a) for the following reasons: 
t. | | Claim numbers . because they relate to subject matter i* not required to be searched by this Authority, namely: 



2.| j Claim numbers . because they relate to parts of the international application that do not comply with the prescribed require- 

ments to such an extent that no meaningful international search can be carried out l3 , specifically: 



VLX OBSERVATIONS WHERE UNITY OF INVENTION IS LACKING " 



This International. Searching Authority found multiple inventions in this international application as follows; 



See A tt-ac -^ m e n-t 



1. fx[ As ail required additional search fees were timely ooid by the applicant, this international search report covers all searchable claims 

of the international application. Telephone PXa.Cti.Ce 

2. ( }' As only. some of the required additional search fees *ere time!* paid by the applicant, this international search report covers only 

those claims of thejnternattonal.application for wrncnJees were paid, specifrcally-claims: — — — ' — - — 



3.| | No* required additional search fees were timely paid by the applicant. Consequently, this international search report is restricted to 
the invention first mentioned in the claims; it is covered by claim numbers: 



4,| j As all searcnabiectatms could be searched without effort justifying an additional fee. the International Searching Authority did not 
invite payment of any additional fee. 

Remark. on Protest 

The additional search-tees were accompanied by applicant's protest. 

| ) No protest accompanied the payment of additional search fees. 



Form PCT/ISA/210 {supplemental sh««f (2) (May. 19861 



• *PCT/US87/02'4'01 ~ ~ ^ • - - • - \ ( ; 

Attachment To Form PCT/ISA/210, Part II. 

HETEROLOGUS PROTEIN, ACYL CARRIER 
ACYL CARRIER PROTEIN WITH PLANT 




Claims 1-5, drawn /to" recombinant DNA constructs are 
classified dn Class '.435, subclass 172.1 1' . 



^Claims 6-9, drawn to proteins are classified in 
Class 530, subclass 370. 

Claim 10, drawn to growing plants is classified in 
Class 47 / Subclass 58 . ? ' J: - ~ 

Claim 11, drawn to a plant cell is classified in 
-Class 435 subclass 240.4. 
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S420 payment was. . approved by -Mr* Bertram I . Rowland 
December 12, 1987,; for. sear ch of groups- 2 -4 -and will 
be charged to Deposit Account NO. 12-1216. Counsel was 
advised that any protest must be filed no later than 15 
days from the date of mailing of the search; report (Form 
210 ) . , 



Reasons For Holding Lack of. Unity gf rlnyeht ion £ 

The claims of these four -groups comprise three pro- 
ducts and one method and have the character ictics of 
four distinct inventive concepts. The products of 
groups I and II are distinct because the DNA constructs 
are useful as hybridization probes; that is, they do not 
have to be used in the synthesis of proteins of group 
II- The products of groups I and II are distinct from 
group III, a method of growing plants, because the pro- 
ducts of;jgroup I may be used as probes and the process 
of group III produces a product other than those of 
group II. Finally, group IV, a cultured plant cell, is 
distinct from the products of group I because the 
construct would be in the genome and the products of group 
I are useful as probes* 



Time Limit For Filing A Protest 

Applicant is hereby given 15 days from the mailing 
date of this search report to file a protest of the 
holding of lack of unity of invention. In accordance 
with PCT Rule 40.2 applicant may protest the- holding of 
lack of unity only with respect to the groups paid for 
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